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(57) ABSTRACT 

A cellular communications network includes a plurality of 
cells whose base stations have both sector and smart antenna 
capabilities. While engaged in a call, mobile station down- 
link signal strength measurements are made on its own 
serving traffic channel and the control channels of neigh- 
boring cells. These measurements are then adjusted by one 
or more factors which take into account the operational and 
physical differences between sector antenna and smart 
antenna. For example, the signal strength measurements 
may be appropriately adjusted by measured differences in 
gain between the smart antenna and sector antenna, output 
power backoff values associated with smart antenna and 
sector antenna support of the traffic channels in comparison 
to the control channels, and power control attenuation 
applied to the traffic channels. The resulting adjusted down- 
link signal strength measurements may then be compared 
against each other (as off-set by any imposed hysteresis 
value) to more precisely locate the mobile station and 
uniformly, predictably and accurately identify when it is 
appropriate to authorize a hand-off. 

20 Claims, 4 Drawing Sheets 
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PRESERVATION OF CELL BORDERS AT to provide a sector coverage beam 18 to serve a mobile 

HAND-OFF WITHIN A SMART ANTENNA station 24. Suppose further that a second, adjacent, cell 12(2) 

CELLULAR SYSTEM includes a directive (smart) antenna 20 at its base station 

16(2) that is operable to form, at any one time, a narrow 

CROSS-REFERENCE TO RELATED 5 beam 22 to serve a mobile station 24. The theoretical (or 

APPLICATIONS ideal) hand-off border 26 between the first cell 12(1) and the 

„ . - * 1 j j- second cell 12(2) would lie approximately half-way between 

He presen apphcadon for patent .* related to and incor- ^ ^ st ^U for the respective cells 12 and would be 

porates by reference previously fi ed, commonly aligned, defined interaction of foe sector coverage 

co-pend^ US ■ application for pater* ^Ser. No. M beam ^ and , theoretical (or fa 

filed Dec. 19, 1997, ent. led Method and System for ^ m beam lgl ^ ^ 

Improving Handoffs m Cellular Mobile Radio Systems . ^ r y 

He present application claims priority from and incor- u' is noted here mat the theoretical border 26 is illustrated 

porates by reference previously US. Provisional Apphca- mannef zoQe betweeQ Unes 2fi(1) afld 26(2) tQ 

tion for Patent Sen No 60/121,788, filed Feb. 26, 1999, 15 fof ^ ^ ^ sis ^ weU ^ 

entitied "Preservation of Cell Borders at Hand-off within a ^ ^ affect ^ localion ^ base 

Smart Antenna Cellular System. &miQQ& whefe hand . off would actually occur> More 

BACKGROUND OF THE INVENTION specifically, because of the introduced hysteresis value, 

which must be met by the signal strength measurements 

1. Technical Field of the Invention 20 made with respect to, and compared between, the two cells 
The present invention relates to a cellular telephone 12, a mobile station 24 moving from the first cell 12(1) into 

network implementing a smart antenna technology in addi- the second cell 12(2) would not actually achieve a hand-off 

tion to sector antenna technology at its base stations and, in until at least reaching line 26 (2). Conversely, a mobile 

particular, to a hand-off procedure for use in connection with station 24 moving from the second cell 12(2) into the first 

such a network, wherein the handoff procedure preserves the 25 cell 12(1) would not actually achieve a hand-off until at least 

cell borders defined for each cell by sector antenna opera- reaching line 26(1). 

tion. One advantage of the use of smart antennas 20 is the 

2. Description of Related Art extended range of coverage, as generally indicated at 28, 
It is well known in the art to utilize directive antennas in 30 obtained when compared to the range of coverage provided 

cellular communications networks. The most commonly b V antennas 14. One consequence of this extended 

recognized example of directive antenna use in cellular coverage range 28 is a disturbance in location of the cell 

communications networks is based on the principle of border 26, as generally shown at 30. A number of drawbacks 

sectorization, as is illustrated in FIG. 1. A cell site 10 may anse from such a disturbance 30 in the cell border 26. First, 

comprise either one omnidirectional cell or a plurality, for « ^ base station 16 ( 2 ) tends t0 P ravide to mobile 

example, three (or more), sector cells 12. Directive antennas stations 24 which are not located within or near its cell 12(2), 

14, each with an appropriately selected beamwidth for the and thus ^rvice load between the cells is not properly shared 

sector cell 12, are then utilized at each base station 16 to and s y stem management issues become too complex, 

form a plurality of wide beams 18, one per sector cell, with Second, the base station 16(2) downlink broadcasts made 

the totality of the beams formed thereby providing substan- « from the <* n 12 ( 2 ) ™ order to P r0Vlde t0 a 

tially omni-directional radio frequency coverage throughout dislant ^obilt station may be made at such a high power 

the cell site area. In operation, each of the formed wide level as to mject o^wnlink co-channel mterference into other 

beams 18 is in continuous use to provide service within each cells wiLhin the network which reuse its same frequency, 

corresponding sector cell 12 Third, distant mobile station 24 uplink broadcasts may be 

Another example of directive antenna use in cellular 45 made * Ug £ ^y^ 1 1? 

communications networks is based on the use of smart ^^^anly drain battery life Further, because the mobile 

4 u j . -i, t t A • mr- ->a station is in the vicinity of a cell other than cell 12(2), uplink 

antenna technology, as is illustrated m FIG. 2A. Directive , . . 4 - J t ■ « 

-in T-i* j * . . * r 11 co-channel interference will also increase in the reuse cells, 
antennas 20 are utilized at each base station 16 of a cell site 

10 to form a plurality of separate, perhaps slightly There is accordingly a need for a hand-off technique that 
overlapping, narrow beams 22 within each sector cell 12, 50 accounts for the extended coverage range 28 of smart 
with the totality of the beams formed thereby providing antennas 20 in comparison to sector antennas 14 and thus 
substantially omni-directional radio frequency coverage corrects for any introduced disturbance 30 in location of the 
throughout the cell site area. In operation, and in contrast to ^ border 26 in miikmg the handoff determination, 
the operation of the sectorized beams 18 of FIG. 1, the cm4MADV ^ TOT , Txri ^ NrT ^ 07VT 
narrow beams 22 are intermittently used only when neces- 55 SUMMARY OF THE INVENTION 
sary to provide service to one or more mobile stations 24, as In connection with making a determination to hand-off a 
is illustrated in FIG. 2B. Put another way, in smart antenna mobile station, the mobile station makes downlink signal 
technology, the base station 16 controls its directive antenna strength measurements on its own serving traffic channel as 
20 to activate at any given time only those individual ones well as the measurement (control) channels of at neighbor- 
of the plurality of separate, perhaps slightly overlapping, 60 ing cells. Hand-off is appropriate if the signal strength 
narrow beams 22 as are needed to serve active mobile measurement on a neighboring celTs measurement channel 
stations 24 within the cell site 10. exceeds the signal strength measurement for the own serving 
Reference is now made to FIG. 3 wherein there is shown celTs traffic channel (as off-set by any imposed hysteresis 
a diagram of directive antenna beam coverage from adjacent value). In connection with measurements made on measure- 
cells 12. Suppose a first cell 12(1) includes a directive 65 ment and traffic channels with respect to cells possessing 
(sector) antenna 14, having an appropriately selected beam- both sector antenna and smart antenna capabilities, however, 
width for the sector, at its base station 16(1) that is operable these downlink signal strength measurements have to be 
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adjusted to take into account the operational and physical 
differences between sector antennae and smart antennae. 

TUrning first to the downlink signal strength measurement 
on the own serving cell's traffic channel: in accordance with 
one aspect of the present invention, the downlink signal 
strength measurement on the own serving cell's traffic 
channel is adjusted by a first factor accounting for any noted 
difference in gain between the sector antenna and smart 
antenna of that cell as a function of azimuth angle of 
orientation of the mobile station to the serving cell's base 
station. In accordance with another aspect of the present 
invention, the downlink signal strength measurement on the 
own serving cell's traffic channel is adjusted by a second 
factor accounting for any difference between the output 
power backoff value for the smart antenna traffic channels 
(with respect to the digital control channel) and the output 
power backoff value for the sector antenna traffic channels 
(again with respect to the digital control channel). In accor- 
dance with yet another aspect of the present invention, the 
downlink signal strength measurement on the own serving 
cell's traffic channel is adjusted by a third factor accounting 
for power control attenuation provided by the serving base 
station on the serving traffic channel. 

Turning next to the signal strength measurement on a 
neighboring cell's measurement channel: in accordance with 
one aspect of the present invention, the signal strength 
measurement on a neighboring cell's measurement channel 
is adjusted by a factor accounting for the output power 
backoff value for the sector antenna traffic channels (with 
respect to the digital control channel). 

When each of the foregoing factors is taken into account 
to produce an adjusted downlink signal strength measure- 
ment on the own serving cell's traffic channel, as well as an 
adjusted signal strength measurement on a neighboring 
cell's control channel, cell boundary location is preserved 
independent of base station use of sector and/or smart 
antennas, and the adjusted values may be compared against 
each other (as off-set by any imposed hysteresis value) to 
more precisely locate the mobile station and uniformly, 
predictably and accurately identify when it is appropriate to 
authorize a hand-off. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and appa- 
ratus of the present invention may be acquired by reference 
to the following Detailed Description when taken in con- 
junction with the accompanying Drawings wherein: 

FIG. 1, previously described, is a diagram of directive 
antenna beam coverage within a sectorized cell of a cellular 
communications network; 

FIGS. 2A and 2B, previously described, are diagrams of 
directive antenna beam coverage within a smart antenna 
equipped cell of a cellular communications network; 

FIG. 3, previously described, is a diagram of directive 
antenna beam coverage from adjacent cells; 

FIGS. 4A and 4B are diagrams of directive antenna beam 
coverage within a combined sectorized/smart antenna cell of 
the present invention; 

FIG. 5 illustrates different coverage ranges with respect to 
different antenna/power combinations for the combined 
sectorized/smart antenna cell of FIGS. 4A and 4B; 

FIG. 6 is a block diagram of a cellular system including 
base stations implementing the combined sectorized/smart 
antenna cell illustrated in FIGS. 4A and 4B; and 

FIG. 7 is a signal flow and network operation diagram 
illustrating operation of the system of FIG. 6 to complete a 
mobile station hand-off. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is now made to FIG. 4A wherein there is shown 
a diagram of directive antenna beam coverage within a 
combined sectorized/smart antenna cell 100 of the present 

5 invention. A base station 102 for the cell 100 includes a first 
directive (sector) antenna 104 operable to form a wide beam 
106 for each sector 108, with the totality of the sector 
coverage formed thereby providing substantially omni- 
directional radio frequency coverage throughout the cell site 

10 area. The base station 102 for the cell 100 further includes 
a plurality of second directive (smart) antennas 110, one for 
each sector, and each operable to form a plurality of 
separate, perhaps slightly overlapping, narrow beams 112 
(either switched or steerable) within each sector 108, with 

15 the totality of the smart beams formed thereby providing 
substantially omni-directional radio frequency coverage 
throughout the cell site area. For ease of illustration only one 
sector 108 is shown. It is further understood that only one 
physical directive antenna (comprising, for example, an 

20 antenna array) may be needed to implement the logical first 
and second directive antennas 104 and U0. In operation, 
each of the wide beams 106 formed by the first directive 
antenna 104 is in continuous use to provide service within 
each corresponding sector 108 to mobile stations 114 present 

25 therein. With respect to the second directive antenna 110, 
however, only those narrow beams 112 which are needed to 
serve active mobile stations 114 therein are in use at a given 
time, as is illustrated in FIG. 4B. 

3Q Reference is now made to FIG. 5 wherein there are 
illustrated different coverage ranges with respect to different 
antenna/power channel combinations for the combined 
sectorized/smart antenna cell of FIGS. 4Aand 4B. First, the 
digital control channel (DCCH) is supported by the sector 

35 antenna 104 with a given power level {?occid t0 provide a 
DCCH coverage range 120. Second, the digital traffic 
channel(s) (DTC) may also be supported by the sector 
antenna 104 with a given power level ^sector) to provide 
a sector DTC coverage range 122. Third, the digital traffic 
channel(s) (DTC) are supported by the smart antenna 110 
with a given power level (P S makt) to provide a smart DTC 
coverage range 124. The border 126 between cells is defined 
by the sector DTC coverage range 122 (even if the sector 
antenna 104 were in actuality only used to support the digital 

4S control channel). Thus, it is noted that the smart DTC 
coverage range 124 extends out past both the DCCH cov- 
erage range 120 and the sector DTC coverage range 122, 
which gives rise to the extended coverage range cell border 
disturbance issues discussed above (see, FIG. 3). 

50 In making evaluations on downlink signal strength 
measurements, such as those required to be made in the 
context of hand-off evaluation and determination, the dif- 
ferences in power levels used in the different antenna/power 
channel combinations must be taken into account. To this 

55 end, each cell is characterized by its power backoffs. The 
backoff identifies whether the power level of the control 
channel differs from the power level of the traffic channel in 
each cell. Knowledge of such information is required to 
properly compare mobile station made (mobile assisted 

60 hand-off — MAHO) control channel signal strength measure- 
ments to MAHO traffic channel signal strength measure- 
ments. For the combined sectorized/smart antenna cell of 
FIGS. 4A and 4B ( the output power backoff values of 
interest are, first, the power backoff for the sector digital 

65 traffic channels (B0 SEC7O ^) measured at the antenna termi- 
nal which is given by: 
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and, second, the power backoff for the smart digital traffic such as, for example, handoff determinations. The measure- 
channels (^0 SEKVZNG ) measured at the antenna terminal ments may also be processed by the second location veri- 
which is given by: ficatioo module 144 to determine a direction of arrival 

(DOA) azimuth orientation angle e (see, FIG. 4A) with 

B°sERvtxG- p Dcctr p sMARr 5 respect to the mobile station. 

It will, of course, be understood that in certain scenarios the Although illustrated as having a location verification 

?dcch wfll equal in which case the BO^^ is mo*dc for each of the first directive (sector) antenna 104 

dcch sector sector and me secon6 directive (smart) antenna 110, it will of 



zero. 



r, r „ - T . . or g- „, u ^: n iUo^ :„ P », mim course be understood that only one location verification 

Reference is now made to FIG. 6 wherein there is shown , . . . . t1 , , . 7 4 ... j •* • 

..... - ... 4 ■ i module is typically needed for most applications and it is 

a block diagram of a celhUar system 130 mcludmg base 10 ^ ^ to , the 

stations 102 implementing the combined 1 sectored/smart m{QQna u ^ &]sQ ^ tQ utiHze 

antenna cell rUustrated in FIGS 4A and 4B^Each base location verification module in conil e C tion wim rx)m 

station 102 mcludes a plurality of transceivers (Tx/Rx) 134 ^ first directive (sector) mienm 104 and the second 

which operate in either as digital or analog mode on a certain directive (smart) antenna 110. 

frequency assigned to the cell 100 where the base station is 15 jhe base station 102 still further includes a smart antenna 

located. A first set 134(1) of one or more of these transceiv- controller 146. The smart antenna controller 146 operates 

ers 134 (providing at least control and perhaps also traffic responsive to a determined direction of arrival (DOA) 

channels) are connected to the first directive (sector) antenna azimuth orientation angle 0 (see, FIG. 4A) identification 

104 supporting the sector beams 106 (see, FIGS. 4A and with respect to a certain mobile station, and then identifies 

4B). A second set 134(2) of a plurality of these transceivers 20 a certain one of the plurality of separate, perhaps slightly 

134 (most likely providing only traffic channels) are con- overlapping, narrow beams 112 corresponding to that angle 

nected to the second directive (smart) antenna 110 support- for serving the mobile station. The smart antenna controller 

ing the smart antenna beams 112 (see, FIGS. 4A and 4B). 146 then configures the second directive antenna 110 for 

Each base station 102 is connected to a mobile switching operation to activate the identified beam 112 for handling 

center (MSC) 126. This connection may be made either 25 communications with the mobile station (see, FIG. 4B). 

direcdy (as generally indicated at 128(1)) or through a base Reference is now once again made to FIGS, 4A and 4B 

station controller (BSC) 132 (as generally indicated at wherein there is further illustrated the differences in mea- 

128(2)). The manner of operation of the mobile switching sured antenna gain between the beams 106 and 112 as a 

center 126, base station controller 132 and base stations 102 function of azimuth orientation. It may be seen in FIG. 4B 

in a coordinated fashion to provide cellular telephone ser- 30 that at a certain azimuth orientation angle the gain of the 

vice to mobile stations is well known to those skilled in the first directive (sector) antenna 104 is equal to the gain of the 

art. second directive (smart) antenna 110. Conversely, at another 

The base station 102 further includes a first location angle (9^ shown in FIG. 4A the gain of the first directive 

verification module (LVM1) 142 operable in connection antenna 104 differs quite significantly from the gain of the 

with the first directive (sector) antenna 104 to make mea- 35 second directive antenna 110. In making evaluations on 

surements on mobile station uplink analog/digital commu- downlink signal strength measurements, such as those 

nications. The location verification module 142 is provided required to be made in the context of hand-off evaluation and 

with an order to make these measurements. This order determination, it would be useful if the difference in gain 

specifies a frequency on which the measurements are to between the first directive antenna 104 (sector coverage 106) 

made, a time slot within which the measurements are to be 40 and the second directive antenna 110 (smart antenna beam 

made, and a digital voice color code (DVCC) necessary to 112) could be determined and characterized as a function of 

unambiguously identify the mobile station whose uplink the azimuth orientation angle 0. A number of techniques are 

communications are to be measured. Responsive to the available for determining this gain difference (AGAIN(0)), 

received order, the location verification module 142 tunes to including those techniques described in commonly assigned, 

the proper frequency within the proper time slot, decodes the 45 concurrently filed, U.S. application patent Ser. No. 09/259, 

DVCC, and then makes the uplink measurements on certain 073, entitled "Method for Antenna Gain Acquisition in a 

metrics such as signal strength and signal quality. The Cellular System", the disclosure of which is hereby wholly 

measurements are then reported for subsequent evaluation in incorporated by reference. 

connection with system operation, such as, for example, Reference is now once again made to FIG. 6. As the 

handoff determinations. 50 mobile stations 114 move within the service area of the 

The base station 102 still further includes a second network 130, instances arise where a mobile station passes 

location verification module (LVM2) 144 operable in con- between two cells 100. In moving between the cells 100, the 

nection with the second directive (smart) antenna 110 to mobile stations 114, in conjunction with base station 102 

make measurements on mobile station uplink analog/digital collected information and also orders exchanged with and 

communications. The location verification module 144 is 55 between the mobile switching centers 126, have an oppor- 

similarly provided with an order to make these measure- tunity through hand-off to change the base station through 

ments. This order specifies a frequency on which the mea- which cellular radio communications are being effectuated, 

surements are to made, a time slot within which the mea- With knowledge of the power backoff for the serving digital 

surements are to be made, and a digital voice color code traffic channels (sector or smart), the power attenuation of 

(DVCQ necessary to unambiguously identify the mobile 60 the serving channel, and the gain difference (AGAIN(6)) 

station whose uplink communications are to be measured. between the sector antenna 104 and the serving (perhaps 

Responsive to the received order, the location verification smart) antenna as a function of azimuth orientation angle, 

module 144 tunes to the proper frequency within the proper these factors can be taken into account during the mobile 

time slot, decodes the DVCC, and then makes the uplink station locating and hand-off processes to produce more 

measurements on certain metrics such as signal strength and 65 accurate results and preserve cell boundary location inde- 

signal quality. The measurements are then reported for pendent of base station use of either a sector or smart 

subsequent evaluation in connection with system operation, antenna for the traffic channel. 
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Reference is now additionally made to FIG. 7 wherein 
there is shown a signal flow and network operation diagram 
illustrating network operation to make a hand-off of a mobile 
station. The mobile station 114 is currently engaged in a call 
200. The mobile station 114, operating in accordance with 
known mobile assisted hand-off (MAHO) principles, peri- 
odically makes downlink signal strength measurements 202 
on the traffic channel (of cell 100(1)) that is currently being 
used (SS MSgSBSjJt ^ 9 and also periodically makes downlink 
signal strength measurements 204 on the control (i.e., 
measurement) channels of network identified cells 100, 
including cell 100(2), which neighbor the cell 100(1) (SS MS 
j*Bs t cc). These signal strength measurements are then 
reported 206 to the base station 102(1) for the currendy 
serving cell 100(1). 

The base station 102(1) for the serving cell makes a 
direction of arrival (i.e., the azimuth orientation angle 9) 
measurements with respect to the mobile station (action 
208). The base station 102(1) processes the mobile station 
114 reported 206 downlink signal strength measurements 
(202 and 204) to determine first whether a hand-off is 
necessary (action 210) and second, if yes, to which candi- 
date cells the hand-off could and/or should preferably occur 
(action Ad 212). A hand-off is necessary in step 210 when 
the mobile station could be better served by another cell. The 
candidate cells identified for potential hand-off in step 212 
comprise those cell with respect to whose mobile station 
measured signal strength on the measurement control chan- 
nel (SSms/tbs&c) exceed the mobile station measured 
downlink signal strength on the traffic channel currently 
being used (SS MS ^ BS TC ) by at least the assigned hand-off 
hysteresis value (HYST) in accordance with the following 
equation: 

As discussed above, however, the mobile station made 
signal strength measurements SSmsjsbs.cc anc * SSns^bs.tc 
must be adjusted by certain values in order to compensate 
for the differences (operational and physical) between the 
sector and smart antennas 104 and 110. More specifically, 
mobile station measured downlink signal strength on the 
traffic channel currently being used (SS^^^c) must be 
adjusted by power control attenuation on the serving traffic 
channel (ATTN rc ), the difference in antenna gain (AGAIN 
(0)) between the conventional sector antenna 104 and the 
serving antenna (which could be a smart antenna 110) used 
for the broadcast at the determined azimuth orientation 
angle, and the difference in backoff power (ABO= 
RQservtng~^0 sector) * n me serving cell. Furthermore, 
mobile station measured signal strength on the measurement 
control channel (SS MS/ ^ BSCC ) must be adjusted by the 
BOsEcroRsr in the neighboring (target) cell. After making 
the appropriate adjustments, in accordance with the forego- 
ing considerations, the candidate cells identified for poten- 
tial hand-off in step 212 will comprise those cells for which 
the following equation is satisfied: 

ABO+HYST, 

wherein: 

&GMW(Q)=G SEC7 v R -G SERVr „ 0 (Q) in the serving cell; 
and 

ABO=BO^ VWG -BO. arc7W? in the serving cell. 
In this example, it is assumed that the base station 102(1) 
determines 210 that a hand-off is necessary. It is further 
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assumed that an identification 212 is made of a plurality of 
candidate cells 100 for hand-off. It will, of course, be 
understood that the decision to hand-off may instead be 
made by the mobile station itself. A request 214 for hand-off 

5 including information comprising an identification of the 
currently serving cell 100(1), the traffic channel being used 
for communication with mobile station 114 in cell 100(1), 
the time slot (for a digital traffic channel) carrying the 
cellular communication, the digital voice color code 

to (DVCC), and the list of potential candidate cells 100 for 
hand-off, is then sent by the base station 102(1) to the 
serving mobile switching center 126. 

Responsive to the request 214, the serving mobile switch- 
ing center 126 may identify (if not already determined from 

15 the MAHO neighbor list) in action 216 which of its con- 
nected cells 100 are neighbors (i.e., candidate cells) to cell 
100(1) for hand-off. The mobile switching center 126 then 
signals 218 the base station 102 for each of its connected 
candidate cells 100, such as the cell 100(2), to make a 

20 verifying signal strength measurement (action 220) on the 
traffic channel currently being used by the mobile station 114 
in the currently serving cell 100(1). In connection with the 
making of this step 220 measurement, the base station 
102(2) further makes in step 222 a direction of arrival 

25 azimuth orientation angle determination towards the mobile 
station 114 and further identifies which one of the plurality 
of separate, perhaps slightly overlapping, narrow beams 112 
correspond with that angle and thus would be needed to 
serve the mobile station 114 within the cell 100(2). 

30 Each base station 102 instructed by a received signal 218 
then reports 224 the results of the verification signal strength 
measurement to the mobile switching center 126 (in, for 
example, a hand-off measurement report), along with an 
identification (if available) of both the direction of arrive 

35 azimuth orientation angle and the narrow beam 112 corre- 
sponding to that angle. The verification signal strength 
measurement results are then processed (action 226) by the 
mobile switching center 126 to determine which one of the 
candidate cells 100 comprises the best (i.e., the target) cell 

40 for hand-off of the call 200 based on the success and strength 
of the verification signal strength measurement. It is recog- 
nized that the validation process performed by the mobile 
switching center 126 may further require that the signal 
strength measurements be compensated according to base 

45 station power control, backoff power, and antenna gain 
parameters. 

The mobile switching center 126 then assigns (and 
reserves) a traffic channel (and time slot therein for a digital 
traffic channel) for hand-off of the call 200. The base station 

50 102(2) is then informed 228 of the assignment by the mobile 
switching center 126 of the traffic channel in the target cell 
100(2), the signal 228 to the base station 102(2) including an 
identification of both the direction of arrive azimuth orien- 
tation angle and the narrow beam 112 corresponding to that 

55 angle (that were provided in the step 224 report). Responsive 
thereto, the base station 102(2) activates the proper narrow 
beam 112 in step 230 that is either identified and/or corre- 
sponds to the provided direction of arrival information. The 
mobile switching center 126(1) then signals 232 the mobile 

60 station 114 via the base station 102(1) for the currently 
serving cell 100(1) with a handover command directing the 
mobile station to switch to the assigned traffic channel (and 
time slot therein if appropriate) in the target cell 100 (2). The 
mobile station 114 then tunes to and accesses 234 the 

65 assigned traffic channel (in the proper time slot). When the 
base station 102(2) detects the mobile station access, the 
mobile switching center 126 is informed 236, and the call 
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200 is switched 238 to the base station 102(2) for further 
handling to complete the band-off procedure. 

Although preferred embodiments of the method and appa- 
ratus of the present invention have been illustrated in the 
accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention 
is not limited to the embodiments disclosed, but is capable 
of numerous rearrangements, modifications and substitu- 
tions without departing from the spirit of the invention as set 
forth and defined by the following claims. 

What is claimed is: 

1. A method for mobile station locating in connection with 
a potential hand-off, comprising the steps of: 

measuring by the mobile station of downlink received 
signal strength on a currently used traffic channel 
broadcast from a first base station of a currendy serving 
cell; 

measuring by the mobile station of downlink received 
signal strength on a measurement channel broadcast 
from a second base station of a neighboring cell to the 
currently serving cell; 

wherein the first base station supports either a smart 
antenna or sector antenna for broadcasting the traffic 
channel and the second base station supports a sector 
antenna for broadcasting the measurement channel; 

adjusting the mobile station measured downlink received 
signal strengths on the serving cell's traffic channel and 
the neighboring cell's measurement channel in order to 
take into account any operational and physical differ- 
ences which exist between the sector antenna used to 
broadcast the measurement channel and the antenna 
used to broadcast the traffic channel; and 

comparing the adjusted downlink received signal strength 
measurements to each other to determine whether the 
mobile station is better served by the neighboring cell. 

2. The method as in claim 1 wherein the steps of mea- 
suring are performed in the context of mobile assisted 
hand-off (MAHO) measurement activities performed by the 
mobile station. 

3. The method as in claim 1 wherein the step of adjusting 
comprises the step of adjusting the mobile station measured 
downlink received signal strengths on the serving cell's 
traffic channel by factor which accounts for any noted 
difference in gain between a sector antenna and the traffic 
channel antenna of the currently serving cell as a function of 
an azimuth angle of orientation from the base station of the 
currently serving cell to the mobile station. 

4. The method as in claim 3 wherein the step of adjusting 
comprises the step of adjusting the mobile station measured 
downlink received signal strengths on the serving cell's 
traffic channel by factor which accounts for any difference 
between a output power backoff value for the traffic channel 
broadcast by the traffic channel antenna of the currendy 
serving cell and a output power backoff value for a traffic 
channel broadcast by a sector antenna of the currently 
serving cell. 

5. The method as in claim 4 wherein: 

the output power backoff value for the traffic channel 
antenna broadcast is determined by a difference 
between traffic channel antenna broadcast power and 
sector antenna control channel broadcast power; and 

the output power backoff value for the sector antenna 
traffic channel broadcast is determined by a difference 
between sector antenna traffic channel broadcast power 
and sector antenna control channel broadcast power. 

6. The method as in claim 4 wherein the step of adjusting 
comprises the step of adjusting the mobile station measured 
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downlink received signal strengths on the serving cell's 
traffic channel by factor which accounts for power control 
attenuation provided by the currently serving base station on 
the serving traffic channel. 

5 7. The method as in claim 4 wherein the step of adjusting 
comprises the step of adjusting the mobile station measured 
downlink received signal strengths on the neighboring cell's 
control channel by factor which accounts for a output power 
backoff value for a traffic channel broadcast by a sector 

10 antenna of the neighboring cell. 

8. The method as in claim 7 wherein the output power 
backoff value for the sector antenna traffic channel broadcast 
is determined by a difference between sector antenna traffic 
channel broadcast power and sector antenna control channel 

l5 broadcast power. 

9. The method as in claim 1 wherein the step of comparing 
comprises the step of determining that the mobile station is 
better served if the adjusted downlink received signal 
strength on the neighboring cell's measurement channel 

2Q exceeds the adjusted downlink received signal strength on 
the serving cell's traffic channel. 

10. The method as in claim 1 wherein the step of com- 
paring comprises the step of determining that the mobile 
station is better served if the adjusted downlink received 

25 signal strength on the neighboring cell's measurement chan- 
nel exceeds the adjusted downlink received signal strength 
on the serving cell's traffic channel by a predetermined 
hysteresis value. 

11. A cellular communications network, comprising: 

3 Q a serving cell supporting a cellular call with a mobile 
station through a serving base station broadcasting a 
traffic channel for the cellular call using either a smart 
antenna or sector antenna; 
a neighboring cell to the serving cell and having a 
35 neighboring base station broadcasting a measurement 
channel using a sector antenna; 
wherein the mobile station operates to make and report on 
downlink received signal strength with respect to: 
the currently used traffic channel broadcast from the 
40 serving base station; and 

the measurement channel broadcast from the neighbor- 
ing base station; and 
a control node operable responsive to the reported veri- 
fication signal strength measurements to: 
45 adjust the mobile station measured downlink received 
signal strengths in order to take into account any 
operational and physical differences which exist 
between the sector antenna used to broadcast the 
measurement channel and the antenna used to broad- 
50 cast the traffic channel; and 

compare the adjusted downlink received signal strength 
measurements to each other to determine whether the 
mobile station is better served by the neighboring 
cell. 

55 12. The network as in claim 11 wherein the mobile station 
makes its downlink received signal strength measurements 
in the context of mobile assisted hand-off (MAHO) mea- 
surement activities. 

13. The network as in claim 11 wherein the control node 
60 adjusts the mobile station measured downlink received 

signal strengths on the serving cell's traffic channel by factor 
which accounts for any noted difference in gain between a 
sector antenna and the traffic channel antenna of the serving 
cell as a function of an azimuth angle of orientation from the 
65 base station of the serving cell to the mobile station. 

14. The network as in claim 13 wherein the control node 
adjusts the mobile station measured downlink received 
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signal strengths on the serving cell's traffic channel by factor 
which accounts for any difference between a output power 
backoff value for the traffic channel broadcast by the traffic 
channel antenna of the serving cell and a output power 
backoff value for a traffic channel broadcast by a sector 5 
antenna of the serving cell. 

15. The network as in claim 14 wherein: 

the output power backoff value for the traffic channel 
antenna broadcast is determined by a difference 
between traffic channel antenna broadcast power and 10 
sector antenna control channel broadcast power; and 

the output power backoff value for the sector antenna 
traffic channel broadcast is determined by a difference 
between sector antenna traffic channel broadcast power 
and sector antenna control channel broadcast power. 1S 

16. The network as in claim 14 wherein the control node 
adjusts the mobile station measured downlink received 
signal strengths on the serving cell's traffic channel by factor 
which accounts for power control attenuation provided by 
the currently serving base station on the serving traffic 20 
channel. 

17. The network as in claim 14 wherein the control node 
adjusts the mobile station measured downlink received 
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signal strengths on the neighboring cell's control channel by 
factor which accounts for a output power backoff value for 
a traffic channel broadcast by a sector antenna of the 
neighboring cell. 

18. The network as in claim 17 wherein the output power 
backoff value for the sector antenna traffic channel broadcast 
is determined by a difference between sector antenna traffic 
channel broadcast power and sector antenna control channel 
broadcast power. 

19. The network as in claim U wherein the control node 
comparison determines that the mobile station is better 
served if the adjusted downlink received signal strength on 
the neighboring cell's measurement channel exceeds the 
adjusted downlink received signal strength on the serving 
cell's traffic channel. 

20. The network as in claim U wherein the control node 
comparison determines that the mobile station is better 
served if the adjusted downlink received signal strength on 
the neighboring cell's measurement channel exceeds, the 
adjusted downlink received signal strength on the serving 
cell's traffic channel by a predetermined hysteresis value. 

***** 
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What is claimed is: 

1. A portable communication device comprising: 
location data receiving means for receiving reference 

location data from a plurality of location base stations 
5 provided on satellites and/or the ground, 

location detection means for detecting location 
information indicating a location of the device based on 
the reference location data received by the location data 
receiving means, 
10 information input means for inputting identifying 

information of a communication terminal device to which the 
location information is to be transmitted, 

a send key to be manipulated when the location 
information is transmitted to the communication terminal 
15 device, and 

transmitting means for converting the location 
information detected by the location detection means to a 
radio signal and transmitting the radio signal to the 
communication terminal device having the inputted 
20 identifying information via a switching office of the 
telephone line network, when the transmitting key is 
manipulated. 

2. A portable communication device according to claim 
1 wherein when the send key is manipulated, the 



